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[57] ABSTR AC1‘ 

A disk cache control unit disposed between an upper 
rank processor and a disk unit, comprising a cache 
memory for holding a copy of data stored in the disk 
unit, at least one ?rst interface controller which checks, 
in response to an input/output command requesting 
data to be read from the upper-rank processor, whether 
or not the data requested by the command is stored in 
the cache memory, and requests a head positioning of 
the disk unit when the data is not stored in the cache 
memory, and a second interface controller which indi 
cates head positioning to the disk unit in response to a 
head positioning request, noti?es the completion of the 
head positioning to the ?rst interface controller in re 
sponse to a notice of the completion of the head posi 
tioning, and which reads data from the disk unit and 
stores the data in the cache memory when a data trans 
fer request did not come in a speci?ed time period set to 
read data from the disk unit without a rotational delay 
after a notice of the head positioning head been given to 
the ?rst interface controller and the subsequent transfer 
of data from the second interface controller had been 
completed, and which gives a notice of storage of the 
data in the cache memory through memory means to 
the ?rst interface controller, and in response to this 
storage notice, the ?rst interface controller reads the 
data from the cache memory and transfers the data to 
the upper-rank processor. 

6 Claims, 7 Drawing Sheets 
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DISK CACHE‘ CONTROL UNIT 

This application is a continuation of application Ser. 
No. 400,944, ?led Aug. 31, 1989 now abandoned. 

BACKGROUND OF THE INVENTION 

The present invention relates to a disk cache control 
unit, and more particularly to a disk cache control unit 
which is adapted to reduce the time required for data 
transfer between an upper-rank processor and a disk 
unit, in an information processing system. 

It has been well known that in a general-purpose 
electronic computer system employing-a disk unit 
which uses a rotary disk as a storage medium, a disk 
cache control unit having a cache memory comprising 
a semiconductor memory, for example, accessible faster 
than the disk unit, is provided between a high-speed 
operating CPU and a disk unit which provides a slow 
data access operation due to a rotational delay or a seek 
action of the storage medium. The disk cache control 
unit can copy a part of the data stored in the disk unit 
into the cache memory as occasion demands and is able 
to respond to input/output requests from the CPU with 
data stored in the cache memory insofar as feasible, 
thereby making high-speed access to data possible. 
More speci?cally, when an input/output command is 

given by the CPU, the disk cache control unit accesses 
the cache memory if the target data is present in the 
cache memory or it accesses the disk unit if the target 
data is not present in the cache memory, stores a copy 
of the accessed data in the cache memory and also 
stores data of a certain size located in the neighborhood 
of that accessed data in the cache memory, the latter 
storage operation being done to provide for a request 
for data by an input/output command to be executed 
later. 

If the data requested by the input/ output command is 
not stored in the cache memory, the disk cache control 
unit instructs the disk unit to position the head so as to 
accessthe desired data on the disk. While the head posi 
tioning is under way, the disk cache control unit nor 
mally disconnects from the disk unit and waits for an 
input/output command from the CPU and also waits 
for the disk unit to complete the head positioning. On 
sensing that the head has been positioned at the disk 
unit, the disk cache control unit resumes connection 
with the disk unit and transfers the data. 
However, if the disk cache control unit receives and 

executes another input/output command, it cannot de 
tect the completion of the head positioning at the disk 
unit. Therefore, it was conventionally impossible to 
access data on the disk unit in which the head has been 
positioned for this time until the head is positioned again 
to the desired data after the input/output command has 
been executed. 
There is a known technology, disclosed in JP-A-60 

101654 for example, which is effective in reducing such 
a wasteful rotational delay of the disk unit. 

Speci?cally, this technology is to install in a magnetic 
disk control unit disposed between the CPU and the 
magnetic disk unit an interruption detection mechanism, 
independent of the magnetic disk controller, for detect 
ing a positioning completion interruption and a rota 
tional delay completion interruption of the magnetic 
disk unit. With such a mechanism, while data is being 
transferred from the magnetic disk unit to the main 
storage (on the CPU side), the CPU does not accept the 
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2 
above-mentioned interruptions from other magnetic 
disk units so as to allow the data transfer to the main 
storage to be completed and the CPU accepts interrup 
tions only in the period in which there remains only 
staging to be carried out (the staging being an operation 
to store data) after the completion of the data transfer in 
the cache memory, in units of tracks for example, to 
provide for requests ‘for data by input/output com 
mands to be issued next, and when an interruption re 
quest is detected, the staging is suspended, so that 
wasteful rotational delays are reduced. 

In the prior art described above, however, no consid 
eration was given to the realization of a capability of the 
disk cache control unit to control data transfer with the 
main storage and data transfer with the disk unit inde 
pendently and asynchronously. Therefore, even if the 
head positioning has been completed in the disk unit in 
the time period in which the data requested by an input 
/ output command is being transferred from the cache 
memory to the main storage, data transfer from the disk 
unit to the main storage cannot be started before data 
transfer from the cache memory to the main storage is 
completed. After the data transfer has been completed, 
to get data from the disk unit, it is necessary to re-posi 
tion the head in the disk unit, for which a wasteful 
rotational delay arises. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide a 
disk cache control unit which can reduce wasteful rota 
tional delays on the disk unit side in the exchange of 
data between an upper-rank processor and a disk unit 
through the intermediary of a disk control unit. 
The disk cache control unit according to the present 

invention comprises an upper-rank processor including 
a CPU, a main storage and a channel unit, a cache mem 
ory for holding a copy of data to be stored in the disk 
unit, at least one ?rst interface controller and at least 
one second interface controller. On receipt of an input 
/output command from the upper-rank processor ask 
ing for data to be read from the disk unit, the ?rst inter 
face controller examines the data stored in the cache 
memory, and if there is desired data stored therein, 
transfers the data to the upper-rank processor according 
to a subsequent input/output command controller, or if 
there is not the desired data stored in the cache mem 
ory, issues a head positioning command to the disk unit. 
In response to this head positioning command, the sec 
ond interface controller positions the head in the disk 
unit, and when the head positioning has been com 
pleted, issues information as to the completion of the 
head positioning. If, in response to this, a data transfer 
request is given from the ?rst interface controller to the 
second interface controller and a subsequent command 
is read, the second interface controller reads out data 
from the disk unit and stores the data in the cache mem 
ory, and sends the data to the ?rst interface controller, 
which in turn transfers the data to the upper-rank pro 
cessor. If the ?rst interface controller did not give a 
data transfer request to the second interface controller 
by the time a read operation of data from the second 
interface controller should have started after the com 
pletion of the head positioning, or even though a data 
transfer request has been given and the data transfer has 
been carried out once, if a subsequent input/ output 
command is not given by the upper-rank processor 
within a speci?ed time for reading data from the disk 
unit, the lower-rank interface controller stores a range 
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of data that is requested by the initial input/ output com 
mand in the cache memory and issues a request for 
transfer of the stored data. This request is detected by 
the ?rst interface controller through the intermediary of 
memory means. Then, the ?rst interface controller re 
quests the upper-rank processor to give a subsequent 
input/ output command and on receipt of this command, 
reads data from the cache memory and transfers it to the 
processor. The head positioning request from the ?rst 
interface controller to the second interface controller 
and the cache-memory—stored data transfer request 
from the second interface controller to the ?rst inter 
face controller are given through the intermediary of 
memory means. The ?rst and second interface control 
lers can operate independently of each other. 
According to the present invention, the ?rst and 

second interface controllers that are operable mutually 
independently are installed in the disk cache control 
unit. Therefore, when the head positioning has been 
completed in the disk unit, even if all ?rst interface 
controllers, if there are more than one, are being en 
gaged in data transfer between the cache memory and 
the upper-rank processor, the second interface control 
ler can transfer data from the disk unit to the cache 
memory, thereby preventing the occurrence of a waste 
ful rotational delay of the disk. Similarly, when a com 
mand overrun takes place, wasteful rotational delays 
can be prevented from occurring. 

In the disk cache control method according to the 
present invention, which uses a disk cache control unit 
installed between an upper-rank processor and a disk 
unit and having a cache memory for holding a copy of 
data stored in the disk unit, when the head is positioned 
to desired data on the disk unit in accessing data re 
quested by an input/output command from the upper 
rank processor, the disk cache control unit judges 
whether or not the data is accessible in a speci?ed per 
iod, and if it has become apparent that the data is not 
accessible in the speci?ed period, stores at least the data 
in the cache memory and thereafter responds to input 
/ output commands from the upper-rank processor with 
data stored in the cache memory. 

Furthermore, in the disk cache control method, 
which uses a disk cache control unit disposed between 
the upper-rank processor and the disk unit and having a 
cache memory for holding a copy of data stored in the 
disk unit, when an input/output command is not given 
in time for an access operation to the disk unit in access 
ing the disk unit according to an input/output command 
from the upper-rank processor, the cache memory 
stores at least the data requested by the input/output 
command in the cache memory, and thereafter responds 
to input/output commands with data stored in the 
cache memory. 
An information processing system incorporating a 

disk cache control unit according to the present inven 
tion comprises an upper-rank processor, a disk unit and 
a disk cache control unit disposed between the upper 
rank processor and the disk unit and having a cache 
memory for holding a copy of data stored in the disk 
unit, said disk cache control unit having therein at least 
one interface controller, operable mutually indepen 
dently when there are more than one unit, for control 
ling the exchange of information with the upper-rank 
processor and at least one second interface controller 
for controlling the exchange of information with the 
disk unit. When accessing data stored in the disk unit by 
complying with an input/output command from the 
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4 
upper-rank processor, the second interface controller 
judges whether or not the desired data is accessible in a 
speci?ed period before the head is positioned to the 
target data in the disk unit, and if it is found that the data 
is not accessible in the speci?ed period, the second 
interface controller stores at least the said data in the 
cache memory and noti?es the ?rst interface of the 
presence of the desired data in the cache memory. On 
receipt of the notice from the second interface control 
ler, the ?rst interface controller responds to input/out 
put commands from the upper-rank processor with data 
held in the cache memory. 

In addition, in the information processing system 
comprising an upper-rank processor, a disk unit and a 
disk cache control unit according to the present inven 
tion, wherein the disk cache control unit is installed 
between the upper-rank processor and the disk unit and 
has a cache memory for holding a copy of data stored in 
the disk unit, and wherein the disk cache control unit 
further comprises at least one interface controller, oper 
able mutually independently when there are more than 
one unit, for controlling the exchange of information 
with the upper-rank processor, and at least one second 
interface controller for controlling the exchange of 
information with the disk unit, when accessing the disk 
unit in response to an input/output command from the 
upper-rank processor, if it is found that an input/ output 
command is not given in time for an access operation to 
the disk unit, the second interface controller stores at 
least the data requested by that input/ output command 
in the cache memory, and the ?rst interface controller 
responds to input/output commands with the data 
stored in the cache memory. 
According to the disk cache control method of the 

former type described above, in the asynchronous ex 
change of data between the CPU and the disk cache 
control unit, on the one hand, and between the disk 
cache control unit and the disk unit, on the other hand, 
for example, even if there is contention between the 
completion of the head positioning to the target data on 
the disk unit side and the exchange of other data be 
tween the upper-rank processor and the cache memory, 
the data to which the head has been positioned is not 
given up, but is read from the disk unit and stored in the‘ 
cache memory, and after the data exchange between the 
upper-rank processor and the cache memory has been 
completed, the upper-rank processor is granted access 
to the target data stored in the cache memory, thus 
reducing wasteful rotational delays owing to re-posi 
tioning of the head necessary to access the data in the 
disk unit. 
According to the disk cache control method of the 

latter type described above, in the exchange of data 
between the CPU and the disk unit, even if a command 
overrun occurs in which a part of a series of input/out 
put commands to be issued from the CPU are not given 
in time for a head positioning operation on the disk unit 
side, the data is stored in the cache memory, and the 
data in the cache memory is used to respond to a retry 
of input/output commands involved in the command 
overrun, thereby reducing wasteful rotational delays 
required for re-positioning of the head to access data in 
the disk unit. 
According to the former information processing sys 

tem described above, when data exchange between the 
CPU and the disk cache control unit, on the one hand, 
and between the disk cache control unit and the disk 
unit, on the other hand, is effected asynchronously by 
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the ?rst and second interface controllers, for example, 
even if there is contention between the completion of 
positioning of the head by the second interface control 
ler to the target data on the disk unit side and the ex 
change by the ?rst interface controller of other data 
between the upper-rank processor and the cache mem 
ory, the second interface controller, without giving up 
the data to which the head has been positioned, reads 
the data from the disk unit and stores it in the cache 
memory and noti?es the ?rst interface controller of the 
presence of the target data in the cache memory, and on 
receipt of this notice, the ?rst interface controller al 
lows the upper-rank processor to access the target data 
stored in the cache memory after the exchange of other 
data between the upper-rank processor and the cache 
memory has been completed, thus enabling a reduction 
of wasteful rotational delays necessary for re-position 
ing of the head to access the data in the disk unit. 

Therefore, it is possible to shorten the time required 
for exchange of data between the upper-rank processor 
and the disk unit. 
According to the latter information processing sys 

tem described above, even if a command overrun oc 
curs in which a part of a series of input/output com 
mands issued from the CPU are not given in time for a 
head positioning operation on the disk unit side, the 
second interface controller stores the data in the cache 
memory and noti?es the ?rst interface controller of the 
presence of the target data in the cache memory, and on 
receipt of this notice, the ?rst interface controller re 
sponds to a retry of input/ output commands involved in 
the command overrun with data in the cache memory. 
Wasteful rotational delays necessary for re-positioning 
of the head to access data in the disk unit are thus re 
duced. 

In this way, the time required for the exchange of 
data between the upper-rank processor and the disk unit 
can be shortened. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and advantages of the pres 
ent invention will become apparent by reference to the 
following description and accompanying drawings 
wherein: 
FIG. 1 is a drawing for explaining an example of the 

operation of a disk cache control unit according to an 
embodiment of the present invention; 
FIG. 2 is a drawing for explaining an example of the 

operation of the same disk cache control unit according 
to an embodiment of the present invention; 
FIG. 3 is a block diagram showing an example of an 

information processing system including the disk cache 
control unit according to an embodiment of the present 
invention; 
FIG. 4 is a block diagram showing essential compo 

nents of the disk cache control unit of FIG. 3; 
FIG. Sis a conceptual diagram of items constituting 

a part of a lower-rank interface controller; 
FIG. 6 is a ?owchart for explaining an example of the 

operation of the disk cache control unit according to an 
embodiment; 
FIG. 7 is a ?owchart for explaining in greater detail 

a part of the operation of the disk cache control unit 
according to an embodiment of the present invention; 
and 
FIG. 8 is a ?owchart for explaining in greater detail 

a part of the operation of the disk cache control unit 
according to an embodiment of the present invention. 
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DESCRIPTION OF THE PREFERRED 

EMBODIMENT 

An embodiment of the present invention will now be 
described in detail with reference to the accompanying 
drawings. 
FIGS. 1 and 2 are provided for explaining the outline 

of an example of the disk cache control operation in an 
information processing system including a disk cache 
control unit according to an embodiment of the present 
invention. FIG. 3 is a block diagram showing the con 
?guration of an electronic computer system, which is an 
example of the information processing system including 
the disk cache control unit according to the present 
invention. 
The electronic computer system is composed of a 

CPU 1, a main storage 2, a channel unit 3, a disk cache 
control unit 4, and a disk unit 5, which operates as an 
external storage. 
The CPU 1 controls the whole computer system, the 

main storage 2 has stored therein information, such as 
data and commands to be processed by the CPU 1 and 
the channel unit 3, the channel unit 3 conveys com 
mands and data between the main storage 2 and the 
outside in response to a command from the CPU 1. 
The disk cache control unit 4 interposed between the 

channel unit 3 and the disk unit 5 includes a cache mem 
ory 41 which keeps a part of data stored in the disk unit 
5 copied as occasion demands in completely equivalent 
form as it is stored in the disk unit 5, and a directory 42 
in which, for example, management information regard 
ing the data copied in the cache memory is stored. The 
data memory locations are speci?ed by cylinder num 
bers and head numbers. In the directory 42, there is 
stored information indicating whether or not data in the 
memory locations in the disk unit 5, which are speci?ed 
cylinder numbers and head numbers, is stored in the 
cache memory 41, and if the data is stored, information 
indicating in what locations in the cache memory 41 the 
data is stored is also retained. The directory 42 is a 
known device which comprises a memory to store these 
items of information therein, a logic circuit to check if 
data is stored or not, and so on. In response to a request 
to access data in the disk unit 5 from the channel unit 3, 
the disk cache control unit 4 judges, on the basis of 
management information, whether or not the data in the 
disk unit, which is speci?ed by a cylinder number and a 
head number in the request, exists in the cache memory 
41. When the data exists in the cache memory 41, the 
disk cache control unit 4 responds to the access request 
with data stored in the cache memory 41, and if the data 
does not exist in the cache memory, it performs a con 
trol operation to permit a direct access to the disk unit 
5. 

In this case, the disk cache control unit 4 has pro 
vided therein, for example, a plurality of upper-rank 
interface controllers 43, 44 and a plurality of lower-rank 
interface controllers 45, 46, each of these controllers 
being constituted of a microprocessor, and a shared 
memory 47. 

In this embodiment, there are provided two upper 
rank interface controllers and two lower-rank interface 
controllers. However, the disk cache control unit can 
operate with one each of the upper-rank and lower-rank 
interface controllers. Since the upper-rank interface 
controller and the lower-rank interface controller oper 
ate mutually independently, the upper-rank interface 
controllers and the lower-rank interface controllers 
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need not be the same in number. The necessary numbers 
of the interface controllers of the respective ranks are 
determined according to the load shared. 
The upper-rank interface controllers 43, 44, operating 

independently of each other, are each arranged to con 
trol the interface with the channel unit 3 and also con 
trol data transmission between the channel unit 3 and 
the cache memory 41. ' 
The lower-rank interface controllers 45, 46, operating 

independently of each other, each control the operation 
of the disk unit 5 and controls data transmission be 
tween the cache memory 41 and the disk unit 5. 
FIG. 4 shows an example of the arrangement of the 

upper-rank interface controller 43 and the lower-rank 
interface controller 45. Being identical with the ar 
rangement of the upper-rank interface controller 43 and 
the lower-rank interface controller 35, the arrangement 
of the upper~rank interface controller 44 and the lower 
rank interface controller 46 will not be described. 
The upper-rank interface controller 43 includes a 

channel interface 431 for controlling the interface with 
the channel unit 3, a cache port 432 for data transmis 
sion with the directory 42 and the cache memory 41, a 
shared memory port 433 for data transmission to or 
from the shared memory 47, a microprocessor (MPU) 
434 for supervising and controlling those devices, a 
memory 435 for storing micro programs, lower-rank 
interface controllers 45, 46, and a register 436 for send 
ing or receiving control information at high speed to or 
from the lower-rank interface controllers 45, 46. 
The lower-rank interface controller 45 includes a 

control interface 451 for controlling the interface with 
the disk unit 5, a data buffer (DBF) 452 for temporarily 
storing data to be written into the disk unit 5 and data to 
be read therefrom, a cache port 453 for transmitting 
data to or from the directory 42 and the cache memory 
41, a shared memory port 454 for exchanging data with 
the shared memory 47, a microprocessor (MPU) 455 for 
supervising and controlling those devices, a memory 
456 for storing micro programs, a hardware timer 457, 
and a register 458 for sending or receiving control infor 
mation at high speed to or from the upper-rank interface 
controllers 43, 44. 

In addition, there are provided data path changeover 
switches 47, 48 for switching over the data transfer 
route between the upper-rank interface controller and 
the lower-rank interface controller from one data trans 
fer path to another in order to continuously perform the 
data transfer described above by connecting a selected 
upper-rank interface controller with a selected lower 
rank interface controller when data is transferred be 
tween the channel unit 3 and the disk unit 5. 

In each of the upper-rank interface controllers 43, 44, 
there is provided a register 436 for high-speed informa 
tion transfer to or from the lower-rank interface con 
trollers, said register 436 being connectable through a 
connector 49 to a register 458 for high-speed informa 
tion transfer to or from the upper-rank interface con 
trollers. 

In the upper-rank interface controller 43, when an 
input/ output command for data read-out is supplied 
from the channel unit 3, the command is moved through 
channel interface 431 to the MPU 434 which decodes 
the con, hand and checks the directory 42 through the 
cache port 432 to see if the requested data is stored in 
the cache memory 41, and if the data is found to exist in 
the cache memory 41, the MPU 434, in compliance with 
a subsequent input/ output command, controls the cache 
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port 432 to read the requested data from the cache 
memory 41, and supplies the data through the channel 
interface 431 to the channel unit 3. The channel unit 3 
moves the data to the main storage 2. If the requested 
data is not stored in the cache memory 41, the MPU 434 
writes positioning ordering information to the lower 
rank interface controllers in the shared memory 47 
through the shared memory port 433, gives an interrupt 
report through the channel interface 431 to the channel 
unit 3, and puts the upper-rank interface controller 43 in 
a wait state for an input/output command. 
When the above wait state comes into effect or is 

?nished, the lower-rank interface controller 43 periodi 
cally checks the contents of the shared memory 47 
through the shared memory port 454 to ?nd out if posi 
tioning ordering information has been given by any of 
the upper-rank interface controllers. 

In the case of this embodiment, when a positioning 
indication from the upper-rank interface controller 43 is 
detected, the indication is read from the shared memory 
47, and the positioning indication as well as the cylinder 
number and the head number included in the indication 
is supplied through the interface 451 to the disk unit 5, 
and the connection with the disk unit 5 is then cut off. 
On completion of the head positioning, the disk unit 5 

sends a signal representing the completion of the head 
positioning to the control interface 451. This signal is 
also sent to the control interface of the lower-rank inter 
face controller 46. In the lower-rank interface control 
ler 45, the MPU 455 periodically checks the contents of 
the control interface 451, and if the MPU 455 ?nds that 
the head positioning has been completed, it writes infor 
mation regarding the completion of the head position 
ing in the register 458, and also writes, through the 
connector 49, information regarding the completion of 
the head positioning in a similar register of the upper 
rank interface controller 44. The same operation is car 
ried out also in the lower-rank interface controller 46. 
Since, in this case, information needs to be transmitted 
at high speed, information is transferred between the 
registers without the intermediary of the shared mem 
ory 47, and information regarding the completion of the 
head positioning is provided to all upper-rank interface 
controllers. 

In the upper-rank interface controller 43, in response 
to the completion of the head positioning, the MPU 434 
requests the channel unit 3 to perform a retry of the 
command, and when controlling the lower-rank inter 
face controller 45, the MPU 434 controls the connector 
49 to connect the register 436 only with the register 458 
of the lower-rank interface controller 45 and also con 
trols the data path changeover switch 47 to accept data 
from the lower-rank interface controller 45. Then on 
receipt of the command from the channel unit. 3, the 
MPU 434 sends a data read request to the MPU 455 in 
the lower-rank interface controller 45 through the reg 
ister 436, the connector 49 and the register 458. The 
MPU 455 starts the hardware timer 457 for detection of 
a command overrun and controls the control interface 
451, the DBF 452 and the cache port 453 to read the 
data from the disk unit 5 and writes the data in the DBF 
452 and the cache memory 41. Then, the MPU 455 
reads, from among the accumulated data in the DBF 
452, the data speci?ed by the MPU 434 of the upper 
rank interface controller 43, supplies the data to the 
upper-rank interface controller 43 which in turn trans 
mits the data through the channel interface 431 to the 
channel unit 3. The lower-rank interface controller 45 
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noti?es through the register 458, the connector 49 and 
the register 436 to the upper-rank interface controller 43 
that the data transfer has been completed normally. The 
lower-rank interface controller 45 re-starts the hard 
ware timer 457 and receives the next data transfer re 
quest. When data transfer is repeated in the same man 
ner as mentioned above and completed normally, the 
MPU 455 of the lower-rank interface controller 45 
noti?es that the data transfer has ended through the 
register 458, the connector 49 and the register 436 to the 
MPU 434 of the upper-rank interface controller 43. The 
MPU 434 in turn noti?es the completion of the com 
mand execution through the channel interface 431 to 
the channel unit 3, resets the connector 49 and the data 
path changeover switch 47 and waits for the next com 
mand from the channel unit 3. 

If no data transfer request was given from any of the 
two upper-rank interface controllers by the time an 
operation to read data from the disk unit 5 should have 
started in response to the notice of the completion of the 
head positioning from the lower-rank interface control 
ler 45, the lower-rank interface controller 45 detects 
this fact by the lapse of the set timing period of a timer 
installed in the memory 456, the MPU 455 resets the 
register 458 to cancel the positioning completion infor 
mation and controls the control interface 451 and the 
cache port 453 to transfer, from the disk unit 5 to the 
cache memory 41, the data which has been speci?ed by 
the cylinder number and the head number noti?ed by 
the upper-rank interface controller 45. After the data is 
moved to the cache memory 41, information that data is 
waiting to be transferred is set in the shared memory 47 
and the lower-rank interface controller 45 is put in a 
wait state. When the data is moved as mentioned above, 
the data memory location in the cache memory 41 is 
written in the directory 42. Either of the two upper 
rank interface controllers, the upper-rank interface con 
troller 43 for example, checks the contents of the shared 
memory 47 after the operation is ?nished, and if the 
occurrence of the above-mentioned wait for data trans 
fer is detected, the MPU 434 makes a request through 
the channel interface 431 to the channel unit 3 for a 
retry of the command. When the command is given by 
the channel unit 3, the MPU 434 controls the cache port 
432 and channel interface 431 to transfer the target data 
out of the data stored in the cache memory 41 to the 
channel unit 3. 

If a data transfer request did not come from the up 
per-rank interface controller 43 by the time the opera 
tion to read data from the disk unit 5 should have started 
after the lower-rank interface controller 45 had sent the 
data to the upper-rank interface controller 43 in re 
sponse to the ?rst data transfer request, the lower-rank 
interface controller 43 detects this fact by the lapse of 
the set time of the timer 457. In consequence, the MPU 
455 controls the control interface 451 and the cache 
port 453 to move the data read out from the disk unit 5 
to the cache memory 41. On receipt of a data transfer 
request from the MPU 434 of the upper-rank interface 
controller 43, the MPU 455 noti?es the occurrence of a 
command overrun through the register 458, the connec 
tor 49, and the register 436 to the MPU 434. In response 
to this notice, the MPU 434 noti?es the interruption to 
the channel unit 3 through the channel interface 431, 
resets the data path changeover switch 47 and cuts off 
the connection between the upper-rank interface con 
troller 43 and the lower-rank interface controller 45. 
When the data has been transferred from the disk unit 5 
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into the cache memory 41, the lower-rank interface 
controller 45 writes information regarding a wait for 
data transfer in the shared memory 47 and puts the 
lower-rank interface controller 45 in a wait state. Here 
after, in the same manner as in the lapse of the set time 
for a data transfer request described above, either of the 
upper-rank interface controllers, the upper-rank inter 
face controller 43 for example, gets the requested data 
out of the data stored in the cache memory 41 and 
transfers it to the channel unit 3. 
According to the present invention, the connecting 

path between the channel unit 3 and the disk unit 5 is 
divided into the upper-rank interface controller section 
and the lower-rank interface controller section, and 
therefore, when the head positioning has been com 
pleted in the disk unit 5, even if all of the upper-rank 
interface controllers are being engaged, for example, in 
data transfer between the channel unit 3 and the cache 
memory 41, either of the lower-rank interface control 
lers transfers data from the disk unit 5 into the cache 
memory 41 to thereby eliminate wasteful rotational 
delays of the disk unit 5. 

Suppose that a command overrun occurred. Since the 
lower-rank and the upper-rank interface controller are 
provided separately, when the upper-rank interface 
controller is connected to the channel unit 3, the lower 
rank interface controllers can be used to transfer data 
from the disk unit 5 into the cache memory 41, thereby 
getting rid of wasteful rotational delays of the disk unit 
5. 

Referring to FIG. 3, the outline of the operation of 
the disk cache control unit will now be described. In 
FIG. 3, the disk cache control unit is arranged such that 
the upper-rank interface controllers 43, 44 control the 
operation of the lower-rank interface controllers 45, 46, 
and when the disk unit 5 is accessed in response to an 
input/output command from the CPU 1, either one of 
the lower-rank interface controllers is made to operate 
to indicate the head positioning in the disk unit 5. 
On the other hand, when data is transferred between 

the channel unit 3 and the disk unit 5, the upper-rank 
interface controllers 43, 44 cooperate with the lower 
rank interface controllers 45, 46 in controlling the data 
transfer. 

In this case, the memory of each of the lower-rank 
interface controllers 45, 46, which control the operation 
of the disk unit 5, includes, as shown in FIG. 5, a timer 
counter 12 for measuring the time spent in waiting for a 
data transfer request from the upper-rank interface con 
troller 43 or 44 after the head is positioned to the target 
data in an optional disk unit 5, a timer monitor ?ag 10 by 
which the counter 12 is actuated to show whether or 
not there is a disk unit 5 waiting for a data transfer 
request described above, and a device number region 11 
for storing device numbers by which to identify the disk 
unit 5 which is in a wait state for a data transfer request, 
said three items being arranged to be used adequately 
for various control operations to be described later. 

Next, an example of the cache control operation in 
this embodiment will be described with reference to 
FIGS. 1 and 2. 

Referring to FIG. 1, an operation will be described in 
which target data in a selected disk unit 5 is accessed 
directly from the channel unit 3, and there is contention 
between the completion of the head positioning to the 
target data in the disk unit 5 and other input/output 
processes in the upper-rank interface controllers 43, 44. 
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When an input/output command is issued from the 
CPU 1 to the channel unit 3, the channel unit 3 reads out 
a group of commands from the main storage 2 and starts 
the disk cache control unit 4. The start signal can be 
accepted by both the upper-rank interface controllers 
43, 44, but since in the example of FIG. 1 the upper-rank 
interface controller 44 is already in the middle of com 
mand processing, the upper-rank interface controller 43 
accepts the start signal. 
On accepting the start signal, the upper-rank interface 

controller 43 decodes the command supplied by the 
channel unit 3 and checks the management information 
in the directory 42 to see if the requested data is present 
in the cache memory 41, and if the data is not stored in 
the cache memory 41, the upper-rank interface control 
ler 43, in order to access the data in the disk unit 5, 
conveys through the shared memory 47 to the lower 
rank interface controller 45 or 46 a request for the head 
positioning to the target data in the disk unit 5. 
Then, the upper-rank interface controller 43 noti?es 

the channel unit 3 that the processing of the command 
received therefrom is interrupted. 
The above-mentioned request for the head position 

ing can be executed by both the lower-rank interface 
controllers 45, 46. However, in this case, let us suppose 
that the lower-rank interface controller 45 executes the 
request. In response to the head positioning request, the 
lower-rank interface controller 45 requests the disk unit 
5 to position the head to the target data and breaks the 
connection with the disk unit 5. 
When the disk unit 5 has completed the head position 

ing, both the lower-rank interface controllers 45, 46 
detect this fact and notify the completion of the head 
positioning through the shared memory 47 to the upper 
rank interface controllers 43, 44. Then, the lower-rank 
interface controllers 45, 46 activate the timer counter 12 
and wait for a data transfer request to be issued by the 
upper-rank interface controller 43 or 44 to the lower 
rank interface controller 45 or 46. 
On receipt of a data transfer request, the lower-rank 

interface controller 45 or 46 controls the data transfer 
between the channel unit 3 and the disk unit 5 in cooper 
ation with the upper-rank interface controller 43 or 44 
that has issued the data transfer request. 

In this case, the set time of the timer counter 12 is a 
time period from when a “Read/Write” command is 
given by the lower~rank interface controller 45 or 46 to 
the disk unit 5 after a data transfer request was issued 
from the upper-rank interface controller 43 or 44 until a 
read/write head, not shown, of the disk unit 5 reaches 
the limit position on a disk medium of the disk unit 5, up 
to which a desired data can be accessed without a rota 
tional delay. 
The condition of this example shown in those ?gures 

are such that both the upper-rank interface controller 43 
and 44 are in the middle of command processing (data 
transfer is under way between the main storage 2 and 
the cache memory 41) and a time-out occurred in the 
timer counter 12. 

Therefore, when a time-out occurs in the timer 
counter 12, a rotational delay of more than one rotation 
is required to access target data. 
To avoid the occurrence of such a rotational delay, 

the following operation is performed. 
The one of the lower-rank interface controllers 45, 

46, which detected a time-out, checks the information 
on the operation state of the upper-rank interface con 
trollers 43, 44 in a region, not shown, of the shared 
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memory 47 to see if either of the upper-rank interface 
controllers 43, 44 detected a notice of the completion of 
the head positioning in the disk unit 5 and requested the 
channel unit 3 to do a retry of the command. If it is 
found from the above-mentioned operation state infor 
mation that either of the upper-rank interface control 
lers 43, 44 requested a retry of the command, the lower 
rank interface controllers 45, 46 wait for a data transfer 
request to be issued from either of the upper-rank inter 
face controllers 43, 44. If it is found that a retry of the 
command has not been done, the lower-rank interface 
controllers 45, 46 try to make a connection with the disk 
unit 5 in which the head positioning has been com 
pleted. The lower-rank interface controller 46 that has 
succeeded in making the connection loads the data 
including the target data and data up to the end of the 
relevant track from the disk unit 5 into the cache mem 
ory 41. 

Then, the lower-rank interface controller 46 notifies 
the presence of the target data in the cache memory to 
the upper-rank interface controllers 43, 44 through the 
shared memory 47. The lower-rank interface controller 
45 that has failed in making a connection with the disk 
unit 5 stops its attempt to perform the loading operation 
mentioned above. 
The upper-rank interface controller 44 which has 

?nished the command processing, if it ?nds from the 
shared memory 47 that the data to access in the disk unit 
5 exists in the cache memory 41, requests the channel 
unit 3 to do a retry of the command and accesses the 
cache memory 41 to get the desired data. The upper 
rank interface controller 44 then processes a series of 
commands and reports the end of the process. 

Referring to FIG. 2, description will be made of an 
operation to be performed when a command overrun 
has occurred in which a command requested by the side 
of the channel unit 3 does not arrive during a prepara 
tory period in which the read/write head passes gaps 
provided between individual pieces of data while data is 
being transferred between the channel unit 3 and a se 
lected disk unit 5 after a series of commands have been 
executed. 
When an input/output command is issued by the 

CPU 1 to the channel unit 3, the channel unit 3 reads out 
commands from the main storage 2 and starts the disk 
cache control unit 4. The start signal can be accepted by 
both the upper-rank interface controllers 43, 44, but in 
this example, let us suppose that the start signal was 
accepted by the upper-rank interface controller 43. 
On accepting the start signal, the upper-rank interface 

controller 43 decodes the command supplied by the 
channel unit 3 and checks the management information 
in the directory 42 to see if the requested data is present 
in the cache memory 41 and if the data is not stored in 
the cache memory, the upper-rank interface controller 
43, in order to access the data in the disk unit 5, conveys 
through the shared memory 47 to the lower-rank inter 
face controller 45 or 46 a request for the head position 
ing to the target data in the disk unit 5. 

Then, the upper-rank interface controller 43 noti?es 
the channel unit 3 that the processing of the command 
received therefrom is interrupted. 
The above-mentioned request for the head position 

ing can be executed by both the lower-rank interface 
controllers 45, 46. However, in this case, let us suppose 
that the lower-rank interface controller 45 executes the 
request. 
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In response to the head positioning request, the low 
er-rank interface controller 45 requests the disk unit 5 to 
position the head to the target data and breaks the con 
nection with the disk unit 5. 
When the disk unit 5 has completed the head position 

ing, both the lower-rank interface controllers 45, 46 
detect this fact and notify the completion of the head 
positioning through the shared memory 47 to the upper 
rank interface controllers 43, 44. 
Then, the lower-rank interface controllers 45, 46 wait 

for a data transfer request to be issued from either of the 
upper-rank interface controllers 43, 44. 
The upper-rank interface controller 44, which is in a 

free state and has detected the completion of the head 
positioning, requests the channel unit 3 to do a retry of 
the command and issues a data transfer request to the 
lower-rank interface controller 46. It ought to be noted 
that the operation of the data transfer request is carried 
out by the use of, for example, the registers 436, 458, 
shown in FIG. 4, for exchange of control information 
by the upper-rank interface controller 44 and the lower 
rank interface controller 46. 
The lower-rank interface controller 46, which has 

received a data transfer request, makes a connection 
with the disk unit 5 and transfers data in cooperation 
with the upper-rank interface controller 43. On the 
other hand, when a time-out occurs for a data transfer 
request, the lower-rank interface controller 45 which 
has been waiting for a data transfer request tries to make 
a connection with the disk unit 5 to load data from the 
disk unit 5 into the cache memory 41. However, since 
the lower-rank interface controller 46 has already been 
connected with the disk unit 5, the lower-rank interface 
controller 45 fails to connect with the disk unit 5 and 
stops its attempt to perform the data loading operation. 
The lower-rank interface controller 46 transfers the 

data requested by a command given by a retry of the 
command and then noti?es the normal end of the data 
transfer through the above-mentioned register for trans 
mission of control information to the upper-rank inter 
face controller 44. Then, the lower-rank interface con 
troller 46 activates the hardware timer 457 as shown in 
FIG. 4 and waits for the next data transfer request to be 
supplied from the upper-rank interface controller 44. 
On the other hand, on receiving from the lower-rank 

interface controller 46 a notice that the data transfer has 
ended normally, the upper-rank interface controller 44 
gives a report on the end of the execution of the com 
mand and waits for the next command. 
The time of the hardware timer which is set by the 

lower rank interface controller 46 is from just after the 
end of the data transfer until the moment when an ac 
cess indication by the subsequent command arrives 
barely in time. 

Therefore, after the time-out of the hardware timer, 
even if the lower-rank interface controller 46 receives a 
data transfer request from the upper-rank interface con 
troller 43 or 44, decodes the request and issues an access 
indication to the disk unit 5, the target data cannot be 
accessed. 

In the example of FIG. 2, a command was issued from 
the channel unit 3 too late, and while the lower-rank 
interface controller 46 was waiting for a data transfer 
request, a time-out occurred in the hardware timer, 
namely, a command overrun occurred. In this case, to 
access the target data, normally a rotational delay of 
more than one rotation is required for re-positioning. 
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In the case of this example, the occurrence of a rota 

tional delay is avoided in the manner described below. 
The lower-rank interface controller 46, which de 

tected a time-out, transfers the target data and data up 
to the end of the relevant track from the disk unit 5 into 
the cache memory 41 and then noti?es the presence of 
the target data in the cache memory 4i. through the 
shared memory 47 to the upper-rank interface control 
ler 44. 
During this period, the upper-rank interface control 

ler 44 issues a data transfer request to the lower-rank 
interface controller 46. The lower-rank interface con 
troller 47 in turn noti?es the upper-rank interface con 
troller 44 of the occurrence of a command overrun 
which means that a command issued from the channel 
unit 3 was too late for the next data access operation. 
On receipt of this notice, the upper-rank interface 

controller 44 noti?es the channel unit 3 that the com 
mand processing under way is interrupted so that the 
lower-rank interface controller 46 waits for the target 
data to be stored in the cache memory 41. 
On ?nding through the shared memory that the tar 

get data was stored in the cache memory 41, the upper 
rank interface controller 44 requests the channel unit 3 
to do a retry of the command and accesses the cache 
memory 41 to get the desired data. The upper-rank 
interface controller 44 processes a series of commands 
and reports the end of the processing. 
With reference to FIGS. 6, 7 and 8, description will 

now be made of the details of the wait process for a data 
transfer request, the loading process and the data trans 
fer process, which are carried out by each of the lower 
rank interface controllers 45, 46. 

Referring to FIG. 6, an example of the wait process 
for a data transfer request in each of the lower-rank 
interface controllers 45, 46 will be described below. 

In FIG. 6, a lower-rank interface controller reads the 
state of the disk unit 5 (step 100), and judges whether or 
not the head positioning has been completed in the disk 
unit 5 (step 110). 

If the head positioning has been completed, the low 
er-rank interface controller judges from the parameter 
of the command issued previously, if it can probably 
access the disk unit 5 even when the target data is stored 
in the cache memory 41 as if a command for a “write” 
operation is given next. (step 120) 
The reason is as follows. With the commands which 

are accompanied by a data update process such as write 
related commands, even if there is the target data in the 
volatile cache memory 41, the nonvolatile disk unit 5 is 
accessed to get the data to support the reliability of the 
volatile cache memory 41 in case trouble occurs in the 
power source. In such a case, therefore, loading data 
into the cache memory 41 becomes of no use. 
When the disk unit 5 cannot be accessed, that is, when 

the data loading is judged effective, the timer monitor 
flag 10 is checked to see if there is already any other 
disk unit 5 waiting for a data transfer request (step 130), 
and if the timer monitor flag 10 is “0”, that is, if there is 
no disk unit 5 waiting for a data transfer request, the 
timer monitor ?ag 10 is set to “1” (step 140), the device 
number of the disk unit 5 is stored in the device number 
area 11 (step 150), and a speci?ed timer value is set in 
the timer counter 12 (step 160). 

If the data loading is not judged effective in the step 
120 mentioned above, steps 120 through 160 are 
skipped. When the timer monitor flag 10 is “1”, that is, 
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when there is a disk unit 5 waiting for a data transfer 
request, steps 140 through 140 are skipped. 

Next, a notice that the head positioning has been 
completed in the disk unit 5 is transmitted through the 
shared memory 47 to the upper-rank interface control 
lers 43, 44 (step 170). 
On the other hand, if in the above-mentioned step 110 

a judgment is made that the disk unit 5 has not com 
pleted the head positioning, that is, if the disk unit 5 is in 
the middle of the head positioning, the steps 120 
through 170 are skipped. 

Then, a check is made if a data transfer request has 
been issued from either of the upper-rank interface con 
trollers 43, 44 (step 180), and if there is a data transfer 
request issued, the lower-rank interface controllers 45 
or 46 performs a data transfer process in cooperation 
with the upper-rank interface controller 43 or 44 that 
issued the data transfer request (step 190). Then, control 
returns to the starting point of a scan process to watch 
for the presence or absence of various commands issued 
from the upper-rank interface controller 43 or 44. 

If there is no data transfer request issued, the timer 
monitor ?ag 10 is checked again (200), and if the timer 
monitor flag 10 is “l”, a check is made if the timer 
counter 12 has reached a predetermined value, namely, 
if a time-out has occurred (step 210). 

If a time-out has occurred, a data loading process is 
performed to transfer data from the disk unit 5 which 
has completed the head positioning into the cache mem 
ory 41 (step 220), and control returns to the starting 
point of a scan process. 

If a time-out has not occurred, the timer counter 12 is 
updated. If the timer monitor ?ag 10 is “0” in step 200, 
steps 210 through 230 are skipped. 
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An example of the details of the loading process of 35 
step 230 will be described with reference to FIG. 6. 

First, the timer monitor ?ag 10 is set to “0” and the 
wait state for a data transfer is reset (step 300). 
Using the device number of the disk unit 5 stored in 

the device number area 11, an attempt is made to make 
a connection with the disk unit (step 320), and if a con 
nection with the disk unit is successfully established, the 
target data and the other data up to the end of the rele 
vant track of the disk unit whose head has been posi 
tioned is transferred to the cache memory 41 (step 330). 

Meanwhile, in the loading process of data from the 
disk unit 5 into the cache memory 41, data may be 
loaded in units of either records or tracks. 

After the data has been loaded, the presence of the 
data requested by an input/output command in the 
cache memory is noti?ed through the shared memory 
41 to the upper-rank interface controllers 43, 44 (step 
340). 
On the other hand, if it is found that the attempt to 

make a connection with the target disk unit failed, steps 
330 and 340 are skipped. 
An example of the detailed contents of the data trans 

fer process of step 190 will be described with reference 
to FIG. 8. 

In a scan process, on accepting a data transfer request 
from the upper-rank interface controller 43 or 44, the 
lower-rank interface controller judges whether the ac 
cepted data transfer request is to read data from or write 
data in the disk unit 5, and accordingly, speci?es the 
number of bytes of data necessary for data transfer and 
whether to “rea ” or “write” data to the data transfer 
circuits, not shown, which are provided for the disk unit 
5 and the cache memory 41 (step 190a). In addition, a 
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data transfer start is indicated to the separate data trans 
fer circuits (step 190b). 

Thereafter, the lower-rank interface controller 45 or 
46 waits until the data transfer ends (step 1900). When 
the data transfer has come to an end, a speci?ed time is 
set in the hardware timers provided in the lower-rank 
interface controller 45 or 46 (step 190d). 
The lower-rank interface controller gives a report 

about the result of the data transfer process (a normal 
end or an abnormal end) to the upper-rank interface 
controller 43 or 44 currently cooperating with the low 
er-rank interface controller 45 or 46. Then, the lower 
rank interface controller 45 or 46 waits for a data trans 
fer request from the upper-rank interface controller 43 
or 44 (step 190]). 

If a data transfer request does not come, the lower 
rank interface controller makes a check to see if a re 
quest calling for the end of the data transfer has been 
issued (step 190g). If the above~mentioned request has 
not been issued, a check is made to see if a time-out has 
occurred in the hardware timer 457 (step 190k). 
The above-mentioned steps 190f through 190h are 

repeated until any one of a data transfer request, a data 
transfer end request and a time-out of the hardware 
timer 457 occurs. 

If a data transfer request is given, a data transfer 
process from step 1900 on is performed. If a data trans 
fer end request is given, the data transfer process is 
terminated and control returns to a scan process. 

If a time-out occurred in the hardware timer 457, the 
hardware timer is reset (1901'), the data to be accessed 
next by a data transfer request and subsequent data up to 
the end of the track are transferred into the gauche 
memory 41 (step 190]’). 

Incidentally, the data may be transferred in units of 
either records or tracks from the disk unit 5 to the cache 
memory 41. 

After the data has been transferred, a notice that the 
target data is present in the cache memory 41 is given 
through the shared memory 47 to the upper-rank inter 
face controller 43 or 44 (step 190k), and control returns 
to the starting point of a scan process. 

If, during this period, a data transfer request is issued 
from the upper-rank interface controller 43 or 44, a 
report on command overrun is given. If a data transfer 
end request is issued, nothing is done. In either case, a 
process of transferring data from the above-mentioned 
disk unit 5 to the cache memory 41 is continued. When 
a data transfer end request is received, the above-men 
tioned process may be terminated. 
According to this embodiment, as shown in FIG. 1 

for example, the upper-rank interface controllers 43 and 
44 cannot access data in the disk unit, in which the head 
positioning has been completed, because the data re 
quested by an input/output command is being trans 
ferred between the channel unit 3 and the cache mem 
ory 41. In this case, either of the lower-rank interface 
controllers 45, 46 reads out the target data from the disk 
unit 5 in which the head positioning has been completed 
and stores the data in the cache memory 41, and after 
either of the upper-rank interface controllers 43, 44 has 
completed the data transfer, it is possible to immediately 
access the target data in the cache memory 41, thus 
reducing chances of wasteful rotational delay in the disk 
unit 5. 

In addition, a loading process of getting data from the 
disk unit 5 and putting it in the cache memory 41 is 
carried out only when the loading process is effective, 
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thereby eliminating chances for a wasteful rotational 
delay to be performed. 
As shown in FIG. 2, the upper-rank interface control 

ler 43 or 44 cooperates with the lower-rank interface 
controller 45 or 46 in transferring data between the 
channel unit 3 and the disk unit 5. When a command 
overrun occurs in which a command from the channel 
3 does not arrive in time for an access operation to the 
disk unit 5 by the lower-rank interface controller_.45 or 
46, the lower-rank interface controller 45 or 46 gets the 
data accessed by the command from the disk unit 5 and 
stores it into the cache memory 41. Since the upper 
rank interface controller 43 or 44 can access the cache 
memory 41 to get the data requested by the above-men 
tioned command, it is not necessary to position the head 
in the disk unit 5 to access the target data, thus eliminat 
ing a rotational delay of the disk unit 5 resulting from 
the head positioning. 

Since the upper-rank interface controller 43 or 44 can 
access the cache memory 41 to get the data requested 
by an input/output command, access to data is very 
quick. 
The invention has been described concretely refer 

ring to a preferred embodiment of the invention. How 
ever, the present invention is not limited to the above 
preferred embodiment but, obviously, many modi?ca 
tions and variations of the invention are possible with 
out departing from the spirit or scope of the invention. 
The effects obtainable by representative embodi 

ments of the invention disclosed in this patent applica 
tion will be described briefly as follows. 
According to the disk cache control method of the 

present invention, in a disk cache control unit disposed 
between the upper-rank processor and the disk unit and 
having a cache memory for holding a copy of the data 
stored in the disk unit, when the head is positioned to 
the data on the disk unit which is requested by an input 
/output command from the upper-rank processor, a 
judgment is made whether or not the data is accessible 
in a speci?ed period of time, and if it is found that the 
data cannot be accessed in the speci?ed period of time, 
the said data is stored in the cache memory, so that it is 
possible to respond to the said input/output command 
from the upper-rank processor with the data stored in 
the cache memory. For example, when data is trans 
ferred asynchronously between the CPU and the disk 
cache control unit, on the one hand, and between the 
disk cache control unit and the disk unit, on the other 
hand, even if there is contention between the comple 
tion of the head positioning to the target data in the disk 
unit and the transmission of other data between the 
upper-rank processor and the cache memory, the data 
to which the head has been positioned is not given up 
but the data is read out of the disk unit and stored in the 
cache memory, and after the transmission of other data 
between the upper-rank processor and the cache mem 
ory has been completed, the upper-rank processor is 
allowed to access the cache memory to obtained the 
target data, thereby reducing the occurrence of waste 
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ful rotational delay necessary for the re-positioning of 60 
the head to access data on the disk unit. 
According to the disk cache control method of the 

present invention, in the disk cache control unit dis 
posed between the upper-rank processor and the disk 
unit and having a cache memory for holding a copy of 65 
the data stored in the disk unit, in access to the disk unit 
which is made in response to an input/output command 
from the upper-rank processor, if the above-mentioned 
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input/output command did not arrive in time for an 
access operation to the disk unit, at least the data re 
quested by the above-mentioned input/ output com 
mand is stored in the cache memory, and the said data 
stored in the cache memory is used to respond to the 
input/ output command. Therefore, in the data transmis 
sion between the CPU and the disk unit, for example, 
even if a command overrun occurs in which a part of a 
series of input/output commands issued from the CPU 
cannot arrive in time for an access operation on the disk 
unit side, the data stored in the cache memory can be 
used to respond to an input/output command given by 
a retry thereof resulting from the command overrun. As 
a result, it is possible to reduce wasteful rotational de 
lays necessary for the re-positioning of the head in the 
disk unit for data access. 

In the information processing system comprising an 
upper-rank processor, a disk unit and a disk cache con 
trol unit according to the present invention, wherein the 
disk cache control unit is installed between the upper 
rank processor and the disk unit and has a cache mem 
ory for holding a copy of data stored in the disk unit, 
and wherein the disk cache control further comprises at 
least one ?rst interface controller, operable mutually 
independently when there are more than one unit, for 
controlling the exchange of information with the upper 
rank processor and at least one second interface con 
troller for controlling the exchange of information with 
the disk unit, when accessing data stored in the disk unit 
in response to an input/output command from the up 
per-rank processor, before positioning the head to the 
target data in the disk unit, the second interface control 
ler judges whether or not the data is accessible in a 
speci?ed period of time, and if it is found that the data 
is not accessible in the speci?ed period, the second 
interface controller stores at least the said data in the 
cache memory and noti?es the presence of the data in 
the cache memory to the ?rst interface controller. [in 
receipt of the said notice from the second interface 
controller, the ?rst interface controller responds to an 
input/output command with the said data stored in the 
cache memory. Therefore, for example, when data is 
transferred asynchronously between the CPU and the 
disk cache control unit, on the one hand, and between 
the disk cache control unit and the disk unit, on the 
other hand, even if there is contention between the 
completion of the head positioning to the target data on 
the disk unit side and the transmission of other data by 
the ?rst interface controller between the upper-rank 
processor and the cache memory, the second interface 
controller does not give up the data to which the head 
has been positioned but obtains the data from the disk 
unit and stores the data in the cache memory, and noti 
?es the presence of the target data in the cache memory 
to the ?rst interface controller. On receipt of this notice, 
the ?rst interface controller allows the upper-rank pro 
cessor to access the cache memory to get the target data 
after the transmission of other data between the upper 
rank processor and the cache memory has been com 
pleted. Consequently, wasteful rotational delays neces 
sary for the re-positioning of the head to the data in the 
disk unit can be reduced. 

Thus, it is possible to shorten the required time for the 
exchange of data between the upper-rank processor and 
the disk unit. 

In the information processing system comprising an 
upper-rank processor, a disk unit and a disk cache con 
trol unit, wherein the disk cache control unit is installed 
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between the upper-rank processor and the disk unit and 
has a cache memory for holding a copy of data stored in 
the disk unit, and wherein the disk cache control unit 
further comprises at least one ?rst interface controller, 
operable mutually independently when there are more 
than one unit, for controlling the exchange of informa 
tion with the upper-rank processor and at least one 
second interface controller for controlling the exchange 
of information with the disk unit, when accessing the 
disk unit in response to an input/ output command from 
the upper-rank processor, if the said input/ output com 
mand did not arrive in time for an access operation to 
the disk unit, the second interface controller stores at 
least the data requested by the said input/output com 
mand in the cache memory, and the ?rst interface con 
troller responds to the input/output command with the 
data stored in the cache memory. Therefore, for exam 
ple, in the data transfer between the CPU and the disk 
unit, even if a command overrun has occurred in which 
a part of a series of input/output commands issued by 
the CPU did not arrive in time for an access operation 
on the disk unit side, the second interface controller 
stores the data in the cache memory and noti?es the 
presence of the data in the cache memory to the ?rst 
interface controller, and on receipt of this notice, the 
?rst interface controller responds to an input/output 
command involved in the command overrun and given 
by a retry thereof with the data in the cache memory, 
thereby reducing wasteful rotational delay necessary 
for the re-positioning of the head to access data on the 
disk unit. 

Therefore, it is possible to shorten the required time 
for the transfer of data between the upper-rank proces 
sor and the disk unit. 
What is claimed is: 
1. A disk cache control unit disposed between an 

upper-rank processor and a disk unit, comprising: 
a cache memory for holding a copy of a portion of 

data stored in the disk unit; 
a ?rst interface controller, including means con 

nected to the upper-rank processor and said cache 
memory and responsive to an input/output com 
mand from the upper-rank processor requesting 
that data be read out from the disk unit for judging 
whether or not said data is stored in said cache 
memory, means responsive to said input/ output 
command for reading data from said cache mem 
ory and transferring the data to the upper-rank 
processor when it is judged by said judging means 
that said data is stored in said cache memory, and 
means for sending a request for suspension of said 
input/output command to the upper-rank proces 
sor and for outputting a head positioning request to 
read out from the disk unit a range of data that is 
requested by said input/ output command when it is 
judged by said judging means that the data is not 
stored in said cache memory; and 

a second interface controller connected to said cache 
memory and the disk unit and having means for 
requesting the disk unit to perform a head position 
ing in response to a head positioning request re 
ceived from said ?rst interface controller and for 
notifying said ?rst interface controller of comple 
tion of the head positioning when the head posi 
tioning is completed; 

wherein said ?rst interface controller has means for 
sending a request for resumption of said input/out 
put command to the upper-rank processor in re 
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sponse to a notice of completion of the head posi 
tioning and for issuing a data transfer request to 
said second interface controller in response to re 
ceipt of an input/output command from said upper 
rank processor responding to said resumption re 
quest, and wherein said second interface controller 
has timer means for monitoring a time period in 
which data transfer can be initiated without a rota 
tional delay in accessing the data from the disk unit 
necessitated by a need for repositioning of the head 
following the completion of the head positioning, 
means for reading data from the disk unit and send 
ing the data to said ?rst interface controller in 
response to a data transfer request from said ?rst 
interface controller when said data transfer request 
is issued from said ?rst interface controller during 
said time period; and 

wherein said ?rst interface controller further has 
means for transferring data transferred thereto 
from said second interface controller to the upper 
rank processor, and wherein said second interface 
controller further has means for reading data from 
the disk unit and storing the data in said cache 
memory when said data transfer request is not 
received from said ?rst interface controller during 
said time period following the completion of the 
head positioning. 

2. A disk cache control unit according to claim 1, 
further comprising memory means, accessible by both 
said ?rst interface controller and said second interface 
controller, for storing control information concerning a 
head positioning request to the disk unit issued from 
said ?rst interface controller to said second interface 
controller for reading data required by an input/output 
command and information indicating that data from the 
disk unit has been stored in said cache memory by said 
second interface controller in case a data transfer re 
quest is not issued from said ?rst interface controller 
during said time period. 

3. A disk cache control unit according to claim 2, 
wherein said ?rst interface controller comprises means 
for erasing the data required by said input/ output com 
mand from said memory in case data required by an 
input/output command is detected in said cache mem 
ory, means for requiring resumption of said input/out 
put command to the upper-rank processor, and means 
for reading data from said cache memory and transfer 
ring said data to the upper-rank processor in response to 
an input/output command. 

4. The disk cache control unit according to claim 1, 
wherein after data has been transferred from said sec 
ond interface controller to said ?rst interface controller 
by a ?rst input/ output command of the upper-rank 
processor, if a subsequent data transfer is not received 
from said ?rst interface controller during a time period 
set to read further data without a rotational delay of the 
disk unit in response to a subsequent input/ output com 
mand linked to said ?rst input/output command of the 
upper-rank processor, said second interface controller 
reads data succeeding to data transferred to said ?rst 
interface control unit from the disk unit and stores the 
data in said cache memory and said ?rst interface con 
troller then transfers the data from the cache memory to 
the upper-rank processor in response to said subsequent 
input/ output command. 

5. The disk cache control unit according to claim 1, 
wherein, in the case where a data transfer request is not 
issued from said ?rst interface controller to said second 
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interface controller during said time period, said second 
interface controller operates to transfer data from the 
disk unit to said cache memory only when the data 
required by a subsequent input/output command in 
response to an input/output command representing a 
kind of access of said subsequent input/output com 

5 

15 

25 

35 

45 

55 

60 

65 

22 
mand to the disk unit even if the data is stored in the 
cache memory. 

6. The disk cache control unit according to claim 1, 
wherein there are provided a plurality each of said ?rst 
interface controller and said second interface control 
ler. 

* * * * * 


